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Princigles of Orgenization

PRINCIPLES OF ORGANIZATI: iy

IN INTUITIVE AND ANALYTICAL COGNITION

A previous technical repcrt (Hammond, 1i980) presented a general
theory of cognition that is intended to unify, rather than replace, the
major approaches to judgment and decision makinc thet are described in
Hammond, McClelland, and Mumpower (1980). In that general theory (termed
Cognitive Continuum Theory) a conceptual framework that describes task
properties and cognitive properties, together with predictions of
behavior that follow from their interaction was presented. (Tables 1, 2
& 3 of Hammond, 1980, present this conceptual framework, including
predictions, and they are reproduced here; see Appendix A.) The most
important concept within this framework concerns the organization of
knowledge in judgment and decision making. No question in the history
of the study of cognition has been more salient or pervasive than the
question of the nature of principle(s) by which knowledge, or information,
is organized prior to the exercise of a judgment, the production of an
answer to a problem, or any other outcome of cognitive activity.

A second topic addressed in the previous report is equally salient and
pervasive in the history of the study of cognition; it concerns the nature

of, and relation between, intuitive and analytical modes of cognition.

The contrast between these two modes of cognition is implicit in virtually
all studies of judgment and decision making, as well as problem solving,
despite the fact that neither mode of cognition has been securely anchored

in theory or in research techniques.
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The present report addresses both topics ir yrezter detail than was
possible in the previous report (Hammond, 1980), and brings them in
relation to one another in the ccatext of the Cognitive Continuum Theory.
In what follows, definitions of what is meant by intuitive organizing
principles, analytical organizing principles and quasi-rational organizing
principles are presented. Predictions are then made with regard to the
specific forms such principles tak- in intuition-inducing tasks, the

(in-between) tasks that induce quasi-rationality, and analysis-inducing

tasks. The theoretical basis for these predictvions is intended to further 1
the unification of theory and research in judgment and decision making, as
well as extending the unifying effort to include theory and research in

problem solving. Special emphasis is placed upon the unifying potential

of the concept of vicarious functioning (mutual substitutability of cues 1
and mutual substitutability of responses). In particular, the heretofore b
unrecognized shift in locus of vicarious functioning from the proximal/

peripheral region to the central region of the organism as cognition is

induced by task properties to move from intuition through quasi-rationality
to analysis (and vice versa) offers new opportunities for unifying what ‘
are now apparently disparate conceptual approaches to cognition.

Definitions of Principles of Organization

The Approach to Definition

Present approaches to the use of principles of organization remain
satisfied with a degree of looseness and abstraction that have not

materially changed during the 20th century. Pitz and Harren (1980), for
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example, cite Schank and Abelson's (1977) use of the endurinj concept of

"schemata," thus: “They suggest that understanding ..iormation is nased

on ‘'schemata,' abstract structures that provide an organization fcr a

person's knowledge. New information is yiven meaning by findiny a suitakble

schema into which it can be incorporated. Elements of the information are

filled in, all under the guidance of the general structure of the schema”

(p. 330). Such descriptions are satisfying because of their common sense

appeal, and their ad hoc utility; but they do nct help us to form con- E

ceptions of organizing principles that can be tested. '
In the present approach, descriptions of the principles of organization

will be required to meet three formal criteria; such descriptions will be }

expected to demonstrate, for example, that a putative organizing principle 1

is (a) functionally compatible with the task properties that are predicted

to induce that principle, (b) conceptually compatible with other properties

of the cognate mode of cognition, and (c) functionally effective ir. the

task situations that are predicted to induce that principle. The appli- ¥
cation of these criteria to the definition of different types of organizing
principles follows.

Intuitive Organizing Principles

These are induced by the task properties that are indicatea in Table 1

(see Appendix A). Among the fifteen task properties listed, 1t is suffi-

cient for our present purposes to observe that intuition-inducing tasks
include (a) many (5+) (b) contemporaneously displayed cues which must

somehow be (c) measured without assistance by a subject who (d) does not
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receive feedback and (e) has no prior familiariiy or (f) expertise with
! regard to the judgment task.
As indicated above, whatever hypothesis, concept, or principle that
is put forward to describe or explain how information is organized in

tasks with the above properties must be functionally compatible with these

task properties; that is, it must be capable of being readily applied in
these task circumstances. An intuitive organizing principie must, for
example, be readily applicable to a task that presents a large number of
contemporaneously displayed cues (or dimensions); an organizing principle
that demands for its operation sequential presentation, dimension by
dimension, of cue data would be less functionally compatible with these
conditions. The same holds for the remaining task conditions.

In general, the functional compatibility of an organizing principle
with task conditions to which it is applied is a requirement that has not
been given due theoretical consideration; the range of task conditions to
f which they are intended to apply is ordinarily ignored, with the result

that organizing principles purporting to govern cognitive activity are
persistently over-generalized with regard to task conditions. Indeed, as
) pointed out in detail in Hammond (1980) and Hammond, et al. (1980), the
I explanatory mechanisms that are offered could be described as being iso-
i morphic with the task that is repeatedly studied by the same investigator.
(See, for example, Larkin, McDermott, Simon, & Simon, 1980, who assert
that chess, algebra and physics problems exhaust the range of cognitive

tasks that need to be studied; they go so far as to suggest that these )
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topics “"are serving as the Drosophila, Neurospo. . and Escheri -hia o5l

of research on human cognitive skills" (p. 1336);.

Second, an intuitive organizing principle must be conceptually
compatible with the other properties of intuitive cognitive activity
predicted to occur in intuition-inducing tasks. Because the task properties
indicated above are predicted to induce low cognitive control over cue
usage, vicarious cue utilization, and rapid data processing without aware-
ness, the properties of an intuitive organizing principle must, therefore,
be nonreportable by the subject, be capable of utilizing intersubstitutable
cues, and be capable of rapid data processing, in order to be conceptually
compatible with these related cognitive properties (see Table 1, Appendix
A). In short, the nomological network among the predicted cognitive
properties is to be explicitly examined (concepts should not be treated
in isolation), and the properties found therein must be compatible with
one another.

To refer to the list of cognitive properties in Table 1 (Appendix A)
as a "nomological network" may seem pretentious in view of the fact that
! no lawful relations are indicated among them; it might have been more
! prudent to refer to this list as a "constellation," or perhaps no more
' than a "list," of cognitive properties. Imprudent and pretentious as it
might appear, there is a definite need not only to be specific about which
cognitive properties are associated with one another but also to indicate
which are not associated:; uoing so directly implies a necessary, if crude,

functional relationship among these properties. Moreover, the list,
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constellation or nectwork in Table 1 (Appendiz .  Lur -2t e complete;
revision will, therefore, have to be explicii. ii thus providing an
explicit, complete network of tlose propertics unabl are and are act
expected tc be associated {ccnceptually compatirnle, wiih che ancther, I
meet the requirement of confronting the relationshi> among aii of tre
concepts utilized in the theory.

N

For example, when indicating that a task preceots “"many contempor-
aneously displayed cues which must somehow Le a@e.:G.Ci without assistance

by a subject whc does not receive feedback and has no prio: rawmiliarity or

expertise with regard to the judgment task" (see Table 1, Appendix A for

other task properties inducing intuition) the constellation of cognitive
properties that must be compatible with the ({(intuitive} organizing principle
induced by these properties will include rapid data processing (the
judgment will occur in less than a minute), and will be a compensating g |
rather than a noncompensating mechanism, because the other properties
listed require these properties to appear; they are conceptually compatible
with them. D |
Of course, one may dispute the necessity for the association among
these concepts argued here (and, of course, such dispute is to be

encouraged); when doing so, however, the dispute should be develcped on Ci

the basis of a list, constellation or network of concepts that is aiso

conceptually compatible throughout, not merely on the basis of a difference
with regard to the necessity of the presence of a single task, or cognitive,
property. 7That is, (at least) each one of the fifteen properties irdicated

in Table 1 (Appendix A) should be addressed.
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Third, an intuitive organizing principle mu .. e Tanctionatily

effective in intuition-inducing tasks. Specifically, 1t must be shown to
be potentially capable of organizing information from a large number (5+)
of simultaneously displayed, intersubstitutable cues in a way that =s
robust; good approximations to ecologically correct criterion values mast
be achieved irrespective of the imprecise nature of the task conditions.
Differentially weignted cue data must be organized ir. a manner that
readily permits the addition and omission of (ofren partially redundant)

cues without resulting in a change in judgment (much as perception permits

a constant judgment of, say, size despite changing retinal stimuli). That
is, stability in judgment, despite variation in the amount and the content
of proximal data, must be achieved with a minimum of conscious cognitive
labor. Otherwise, in tasks in which the appearance of cues is irregular,
and in which vicarious mediation (task redundancy) provides the major
source of cognitive security, a person's judgment would be hopelessly at
the mercy of momentary changes in task conditions. Therefore, an
intuitive organizing principle must be one that will provide stability in
judgment despite variability in information and/or information source if
functional effectiveness is to be achieved in intuiticn-inducing tasks.
The above demands and constraints for the defining properties of an
intuitive organizing principle thus take into account (a) task properties,
(b) the nomological network of relations with other aspects of intuitive
cognitive activity, as well as (c) the demands for functional effective-
ness in relation to both task conditions. The organizing principle for

intuitive cognitive activity dces not, therefore, receive an open-ended
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definition; it is not simply defined as, or im .. «© e, T.. codnit.ve
activity that occurs if and when analytical cocnition is dermcnstrated to

be absent. Most important, the extent tc which any organizing jrin=inie
that is put forward as meeting the aforementioned demands and cornstrair~:3
can be ascertained by empirical test; explicit revisicn is thus possibie
when theoretical analysis and empirical research acmonstrats: the

inevitabie need for revision. We turn now to the demands and constraints
to be placed on the defining properties of analyticai c<rganizing principles.

Analytical Organizing Principles

These are induced by task properties that include (a) a few (<5)
contemporaneously displayed cues, but (b} numercus, sequentially-
encountered cues that are {c) guantitatively described (or objectiveiy
apparent) among which there is no (or perfect) redundancy (see Table 1,
Appendix Aj.

Analytical organizing principles must meet the same three formal
requirements as intuitive organizing principles, although their substantive

requirements will differ. 1In this case, functional compatibility demands

that the task properties permit the application of a coherent, internally,
consistent organizing principle (recall the absence of these rcguirements
for an intuitive organizing prirnciple). 1If the appropriate task conditions
are not present, analysis will not occur because it cannot cccur.
Specifically, 1f adequate time and reliable, objectively measurcd data

(or objects) are present analysis can be (but, of course may not be)
applied; if these conditions are not present, it will not be. Analytical

wrganizing principles must also be conceptually compatible with the other




Principles of Organization

11

{ properties of analytical cognitive activity iricated in T.b:- 1, Arpendix
A. In contrast to intuitive organizing principles, conceptual compatibility
in this case will not require rajsid data processing without awureness, a

. process often referred to in ordinary language as "leaping over" requisitc

p——

analytical steps. Rather, analytical organizing principles must make
-vovision for orderly, systematic csequences of ojerations, carried out

- with high awareness that will produce sequential cognitive change in

response to change in proximal data. (Rapidity of intultive data processing ﬁ
-- characteristic of intuitive cognition -- is thus exchanged for the
security of analytical retraceability.) 1In order to be functionally i
effective, therefore, analytical organizing pr° ~—iples must fit the task :
precisely; changes in task conditions such as the appearance of (a) new

information with regard to the parameters of a principle currently in use,
or (o) conditions which require the use of a wholly different organizing

principle, must be detected by the organizing principle itself if it is

to be functionally effective. Such sensitivity to incongruence between

task and organizing principle requires the production of exact answers

by the organizing principle, and precision and certainty in outcome feed-
back, as well as internal consistency by both. The functional effective-
ness of analytical organizing principles thus requires a capacity for the
production of logically defensible solutions and ready detection of, ard
sharp sensitivity to, errors, that is, mismatches between the answer

produced and some criterion of correctness.
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Quasi-rational Organizing Principles

As indicated earlier, most cognitive activity .s lcocated roughliy
midway between the poles of tnc ~dgnitive continuum; thue the mijor form
of cognitive activity consist of the application »f “common sense, ' oO.°
"plausible iaferences"” (Helider, 10356; Polya, 1954 or the apglication of
a variety of "heurilistics" (Polya, 1954; 1versky s Kahtneman, 1974), that
can be described as "guasi-rational" (Brunswik, 12352, 1956), or "good
enough” (Simon, 1979} to a variety of "ill-structus d problems" (Nowell &
Simon, 1972), or a "semi-erratic" environment (Brunswik, 1352, .95%¢).

What are the reguirements for gquasi-rational organizing principles? As in
the case of the polar organizing principles, quasi-rational organizing

principles must be functionally compatible with those task conditions

that induce quasi-ratioral cognition. That is, in congruence with the
Cognitive Continuum Theory, quasi-rational organizing principles must be
capable of incorporating information from both sets of cornditicns, for both
will be present in the task. Tnerefore, such principles must be capable

of incorporating subjective and/or objective measurement of the cue data,
be capable of incorporating a large or small number of cues, many of

which may be contemporaneously displayed and/or sequentially displavyea

(see Table 1, Appendix A, for further specification).

The weather forecaster, for example, who looks at the data from
instruments, and also looks at the sky, incorporates data that are
objectively measured with data that are subjectively measured. The
resulting forecast thus incorporates the objective cue data read frcm

various instruments in sequence, combined with the data from thc many
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subjectively measured perceptual cues contemporc.eous.y disvl.ved in the
sky. Similar examplescan be provided by farmer's judgments regarding
which crops to plant, physician's judgments regarding diagnoses, etc.; in
general, examples can be found in any case in which fully analytical
models of the task are unavailable.

Quasi-rational cognitive activity that incorporates both analytical
and intuitive properties is functionally compatible with such quasi-
rational tasks, not only in the static sense indicated above, but also in
a dynamic sense; that is, quasi-rational cognitive activity is capable of
moving from one type of activity to the other in relation to the same
task. (See the discussion under Premise 4 in Hammond, 1980.) This
hypothesized alternation is functionally compatible with quasi-rational
tasks because many such tasks are themselves dynamic; that is, they change
over time; see Hogarth (1980) for an excellent presentation. Such
alternation allows intuitive judgments to check and perhaps revise
analytical answers, and vice versa. (There is growing interest in the
apparently regular alternation in the dominance of cerebral activity in

the right and left hemispheres of the brain; alternation will be

discussed in greater detail below.)

Conceptual compatibility requires that the analytical and intuitive

aspects of quasi-rational organizing principles must be related to the

other properties of these modes of cognition. Thus, for example, according
to the conceptual network described in the tables in the appendix, elements
of analytical organizing principles must be reported accurately by subjects,

although the intuitive elements of intuitive organizing principles will not

oemaefia B
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be. For example, such heuristics as availabili: . wnd reorescrtativeness

(Tversky & Kahneman, 1974), are not described by subjects who use them.
The current dispute over the valuz of verbal re;orts (see, for example,
Ericsson & Simon, 1980) can, therefore, be set aside; the value of such
reports depends on the properties of the task and the asscciated chara. -
teristics of cognition induced by them. (Verbal reports are also treated
in detail below.)

In short, quasi-rational organizing principles will incorporate some
of the properties of intuitive organizing principles and some of the
properties of analytical organizing principles; how many, and which,
elements of either depends on the number (or promortion, we don't know
which) of task properties that can be classified as. intuition- or
analysis-inducing.

The degree of functional effectiveness of various quasi-rational

organizing principles will be dependent on their ability to meet some

of the analytical demands for logical defensibility and some of the
demands for empirical verification. As task properties become more
conducive to analysis, and as the structural and behavioral supports for
analysis become increasingly available, cognitive activity will become
less quasi-rational; that is, cognition will exhibit more of the
(positive and negative) characteristics of a fully analytical system
because circumstances make it possible to emplov such systems. And, of
course, the reverse is true; as task properties reduce the supports for

analysis, the (positive and negative) cognitive properties of intuitive

cognition, (indicated in Table 1, Appendix A) are induced, and aanalysis
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disappears. (See Hammond, 1980, for a discussion ¢f the positive and
negative attributes of both modes of cognitior.)

Predictions Regardiig the Employment

of Various Organizing Pranciples
ot Lng i

Intuitive Organizing Principles

Intuition-inducing tasks induce the use of a weighted averaging

procedure as an organizing principle (see Anderson, 1973, 1974, for the
most detailed theoretical and empirical research regarding this organizing
principle; see also Hammond, Stewart, Brehimer & Steinmann, 1975; Hammond,
1980; Hammond, et al., 1980). The weighted averaging procedure refers to
the circumstance in which many contemporanecusly displayed cues are
weighted, added, and divided by their weights. “his prediction is not
only specific but singular; no organizing principle other than a weighted
averaging procedure is apt to be employed in the polar task circumstances
defined as intuition-inducing.

Analytical Organizing Principles

In sharp contrast to the singularity of the above prediction, in
those tasks defined as analysis-inducing, subjects will employ a variety
of principles for organizing information. Such principles include, for
example, (a) mathematical logic (e.g., simultaneous equations in word-
algebra problems), (b) statistical logic (e.g., Bayesian or Fisherian
statistics in situations involving uncertainty), (c¢) propositional logic
(e.g., modus tollens, modus ponnens), (d) problem solving strategies

(such as opening and end-games in chess), (e) scientific laws and formuli

(as in physics and chemistry), and (f) ideological maxims (in political

e S i e

A
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debates), and other principles more specific to problems more restricted
in scope (e.g., puzzles involving mechanical arrangements).

Quasi-rational Organizing Princ:ples

when task rroperties induce guasi-rational c¢ognition, crganizing
principles will, as indicate. above, contain elements of poth types of
the polar organizing principles described above. The oracise manner in
which this combination occurs can best be explained by considering in
some detail the shifting locus of vicarious functioning in intuitive and
analytical cognition.

The Shifting Locus of Vicarious Functioning in Cognition

Vicarious functicning refers to (a) the substitutability of cues and

(b) the substitutability of responses on the r::. of the organism with
regard to goal achievement. In the '30s and '40s these phenomena were
described on the percertion side as "cue-family hierarchies" by Brunswik
(1952, 1956) and on the goal achievement side as "habit-family hierarchies"
by Hull (1934). The emphasis given to the concept of vicarious functioning
by Tolman and Brunswik (1935) (see also Heider, 1958) marks one of the
major theoretical innovations of the 20th century. Yet this concept has
still not been given either the prominence or elaboration it deserves in
psychological theory in general, nor in cognitive theory in particular;

for example, no generally accepted term exists that refers to this type

of behavior. (Because the term "vicarious functioning'" will be unfamiliar
to many readers, it will occasionally be accompanied here by the words

"mutual substitutability"” in order to reduce terminological barriers.)
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To be concrete, vicarious functioning refers to the capacity of an
organism to use a variety of cues, as, say, in the perceptica of size,

distance, etc. Thus, for example, if the cuec of interposition (nearer

object blocking out a part of the appearance of a more distant object) is
not available in the environment, human beings can use the textural
gradient cue (coarseness in the foreground yieldinag to a finer texture in
the distance) instead, and vice versa. Thus, one cue functions
"vicariously" for another. (This description of perceptions is not, of
course, unanimously accepted; cf. Gibson, 1979, for a different approach.
Irrespective of differences in current theories of perception the
Brunswikian approach is the source of this concept.)

As Postman and Tolman (1959) put it subsegyuert to Brunswik's death:
"Cues can be used interchangeably so that different patterns of cues can
lead to equivalent results. Similarly, different motor responses can
result in equivalent behavioral achievements. This is the principle of
vicarious functioning which is the essential underpinning of adjustment
to an environment which remains partly erratic" (p. 553). Despite its
obvious relevance to cognition, however, few judgment and decision
theorists have given tihis important concept a central place in their work.
Einhorn, Kleinmuntz and Kleinmuntz (1979) do, however; indeed, they argue
that: "The process of vicarious functioning by which equivalent judqments
can result from different patterns of cues is central to any theory of
judgment" (p. 465).

Vicarious mediation is a parallel concept that carries the same

meaning as vicarious functioning (mutual substitutability) but applies to
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the environment Jather tnan the crginism. This teos was also introauced

by Brunswik and is linked to the term "redundz.cy" uced by incvrmatinn
theorists. The combination of vicarious fuactioning and vicarious media-
; tion links the flexibility of the behavior of higher organisme to the

semi~erratic "causal texture of the environment" (Tolman & Brunswik, 183%}

Ca e ki LA L

and provides the basis for the "lens model" of behavicr (Brunswik, 12352,
1956). Because high degrees of vicarious functioninag (mutual substitutabile
cues in perception, and mutually substitutable means to an end with regard
to goal achievement) are observed in all nhigher oryanisms, it is presumed
3 to be an adaptive mechanism that provides selective advantage for an
organism in an environment that offers a high degree of vicarious mediation.
Unfortunately, few analyses have been made of +~'.¢ amount of vicarious
1 mediation offered by specific naturalistic environments in which human
beings judge, decide and solve problems. (Brunswik, 1956, considered
such analyses to be "propadeutic" to the development cf a "functional
i psychology; " Brunswik, 1956, p. 119ff; see also Hammond, 1980, in which

a theory of task structure is described.)

An example of what such propadeutic analyses offer for the work of
cognitive psychologists is provided by the list of costs and benefits of
vicarious mediation put forward by Einhorn, et al. (1979). They indicate
that the benefits of cue redundancy (vicarious mediation) are these:

“(a) Information search [can be] limited without large losses in predictive
accuracy; (b) attention [can be] highly selective; (¢) dimensionality
of the information space is reduced, thereby [reducing] information

overload; (d) intersubstitutability of cues 1s facilitated (Hammond, 1972);
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and (e) unreliability of cues is alleviated by havi,g muitiple neasuresg

of tre same cue variable" (p. 466}.

Einhorn et al. (1979) then list the costs of cue redundancy i
(vicarious mediation) thus: "(a) Trade-offs Letween cu:s are prcblematic '
when they are correlated . . . (b) Although selective attention is aided
by redundancy, it is still possible that some attentional effort will be
wasted on cues that are not marginally predictive (i.e., ecologically
valid: KRH). (c) The belief that one has made use of many cues in forming
one's judgment (Shephard, 1964), together with (b) can lead to over-
confidence (Oskamp, 1965; Ryback, 1967). (d) The difficulty of learning
from outcome feedback nas been found in studies of multiple-cue probability
learning and interpersonal learning (e.q., Lind..i. & Stewart, 1974;
Mumpower & Hammond, 1974)" (p. 467). (Empirical studies of the effects

of vicarious mediation have been carried out by Armelius, 1979; Armelius

& Armelius, 1974, 1975; Brehmer & Hammond, 1977:; Lindell & Stewart, 1974;
Mumpower & Hammond, 1974; Knowles, Hammond, Stewart & Summers, 1972; and
Knowles, Hammond, Stewart & Summers, 1971.)

Such analyses enhance our ability to understand the relation between
task properties and the forms of cognitive activity induced by them.
Thus, for example, the above remarks by Einhorn et al. (1979) indicate
that differences in the degree of vicarious mediation (cue redundancy)
in cognitive tasks induce differences in the degree of vicarious

functioning in the behavior of the organism. That relationship is made

explicit in the predictions put forward in the tables in the appendix to

this report.
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‘ The Shifting Locus ¢f Vicarious fanctioning
in Relation to Intuitive and Analiytical iwaeu COGi2h . on

The present theory argques that although vicerious functicning occurs
with respect to cues in intuition-inducing tasks, vicaricus furctioniag

. occurs in connection with organizing principles in analysis-irducing

tasks. As task properties induce cognition to shift from intuvition to
analysis, vicarious functioning shifts progressively from the proximal
to the central region of the cognitive system. Specifically, at the

intuitive pole of the cognitive continuum the orcanizing principle

remains fixed in its form as a weighted averaging procedure; it is cue

! utilization that 1s vicarious; that is, cues may be added, omitted, or

substituted for one another, either because +%:. _rnvironment changes or
the organism seeks them out; and cue weights may change as new cues are
added or omitted. The organizing principle remains the same, however; it
is a bilological universai for man (and perhaps other complex organisms

as well).

The reverse situation holds at the analytical pole:; for any given

: task cues are fixed in their number and content, but organizing principles

will be substituted for one ancther during the problem solving process.
' Thus, for example, a physics problem offers fixed information; in order
to zrive it the subject must search for the correct organizing principle
k (algorithm) among competing organizing principles. A condensed version

nof this argument appears in Table 1 below.

—
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Intuition Analysis
— T T
1 ; I
cues ! variable i rixed
| . )
o i i ¥
organizing . 4 R .
3 . B ' fixed : variable .
principle i ! :
[ [ J 3

At the intuitive pole, cues are rarely if ever perfectly mutually
substitutable; that is, ecological intercorrelations among cues rarely,
if ever, reach unity in natural environments (although a propadeutic
environmental analysis might teach us otherwise).

The extent to which the subject can find perfect mutual substitut-
ability among analytical organizing principles depends on their mutual
substitutability in the nomological necwork ¢ -i.: analytical principles.
In a highly tautological system such as mathematics, for example, a high '
degree of such mutual substitutability exists; it can be found by a
subject with the requisite knowledge. That is, the same answer may be
produced by numeric, algebraic, geometric or other equiialent mathematical
means. As the task becomes more substantive in form, and thus becomes
reduced to the nature of a mechanical puzzle, the mutual substitutability
of analytical organizing principles will be reduced. There is no
substitutability between the principles employed in the solution of the
nine-dot problem, say, and the repairing of a watch. In short, the

greater the substantive constraints, the less substitutability to be

found among formal organizing principles.
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The Role of Vicarious Function.ny in Quasi-roct.cr:. Jognitior

The above table is described &s "condensed' beciise i A orikes
the locus of vicarious functioning cnly it the polar extremes of the
cognitive contiraum. In the more frequently cocurring tasks that 1ie=

between these pclar extremes and that induce quasi-rational cognition.

a more accurate representation is thne following:

Table 2
Intuition Quasi-rationalitcy Anaiysic
: {
more ; . . . . |
A ; vicarious functioning
)
]
é in cues i
i : !
: |
; ///////”/ vicaricus functioning
i
less : in organizing principles

The diagram in Table 2 thus represents the contiruous nature of
cognition and, in particular, indicates that quasi-rational cognition
involves vicarious functioning of cues as well as vicarious functioning
cf organizing principles. The diagram is intended to indicate that at
the intuitive pole of the cognitive continuum, vicarious functioning
appears a part of the process of visual perception; it occurs at the
sroximal region of the organism in the form of the intersubstitutapility
of =zuch cues as linear perspective, interception, textural gradient, etc.
A5> task conditions reduce the role of visual perception, and concomitantly

the role of .ntuitive cognition, and as analytical cognition increases,

quasi-rational cognition increases, and therefore, vicarious functioning

L N mp—
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will appear at the central, as well as at the nror.mal, region, and will
be manifested in the appearance of more than <ae orceniziro | incipie. At
the analytical pole perception disappears; iogically rtased organizing
principles now determine soluticns. (This description of the most
frequently occurring form of cognition is consistent with tne difficulties .
all human beings experience in their efforts to communicate their cognitive
work to one another, as well as the difficulties all human peings experi-
ence in attempting to reduce disputes that arise from the quasi-rational
process of judgment and decision making.)
The study of risk analysis (loosely termed "“risk perception,"

(Slovic, Fischhoff, Lichenstein, Derby & Feency, 198l) provides a useful

means for illustrating the shifting locus of v Cacious functioning.
Suppose naive supjects are presented with an ecclogically representative
aerial (pictorial) view of a nuclear power plant located in the midst of
a metromolitan center, and are asked to judge the degree of risk to which
the.citizens in the surrcunding area are susceptible. In this task, the
subjects are faced with task conditions located near the intuition-
inducing pole of the cognitive continuum. Such task properties induce
both perceptual-intuitive cognition and analytical cognition, and thus,
quasi-rational cognition. That is, various perceptual cues such as
density of housing, population of persons, etc. will be contemporaneocusly
displayed and subjectively measured by the subject. Vicarious functioning
will therefore occur at the proximal region. This perceptual material
will be organized into a part of the judgment of risk by a weighted

avarage organszational vrinci; '+, But the ferceptually-derived material
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must also pe crgarizea or integrated with whet * ¢ -ubjoct alieasy Kaowe
or believes (nct perceives) to e truer about . = danaor, o0 o clea:

nlants. As the subject brings ticse intuviv.ve and aneiytrcal forms of
cognition toge.ner (tre percevteal, inluitive material rapidiv and
unconsclousliy, tle ana.ytizal material siowly and with more awareness) a
variety of organizing priniciples will be employed at the central region:
"he more the subject knows (or kelionves she/he kaowsy about the manner

in which nuciear plants function and tne specific structure of the plant
ander consideration, tne greater the rnuumber of orgyanizing principles that
will be available to him/her, and the more aware of them the subject will
be. Thus, vicarious functioning will occur at both proximal and central
regions in accord with quasi-rational cognitic . 3ut if the risk asso-
ciated with a nucliear plant is to be calculated whoilv analyticallﬁ {as,
for example, engineering reports such as the Rasmussen Report purport to
40}, then perceptual functions will nou be involved at all; there will be
nc risk perception, for we have now reached a form of pure analysis in
which perception has no function.

As a further illustration of the shifting role of vicarious func-
tioning ir this example, consider the movement alcag the cognitive
continuum in the opposite direction, from full (engineering) analysis to
quasi-rational oradanizing principles. Should it turn out that not every
aspect of the analysis of risk regarding the nuclear plant can be fully
justified from a wholly analytical procedure, then the door will open to
quasi-rationality, for judgments will be induced (persons will beaqin to

discuss the "weighl” or "relative importance" of various "factors"), and

Py —
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guasi-rationality will increasingly replace aralyt:cally-produced answers.
Quasi-rational organizing principles will arrcar, tovether wi:n +heir
associated properties of low awareness, lack of retraceability, lack of
consistency, and other properties noted in Table 1 (Appendix A). Contro-
versy and debate will now occur because it is precisely at the point where
judgments produced by quasi-rational cognitive activity will be applied
that different organizing principles, explained and described with greater
or lesser degrees of awareness, will be brought to bear on a bounded set
of fixed, stable data.

If task conditions induce cognitive activity to move increasingly
further away from the (perhaps false) security of full analysis toward
even greater degrees of intuitive cognitive ac..vity, vicarious functioning
will be increasingly reduced in scope at the central region, cognition
will become less conscious, and the organization of information will
occur more rapidly; cues will now begin to function vicariously and begin
to be employed with reduced awareness, and we return to those appraisals
of risk that combine intuition and analysis (and which are inevitably
employed to form social policy; see, for example, Hammond, 1978; Hammond
& Adelman, 1976; Hammond, Rohrbaugh, Mumpower & Adelman, 1975; see also
Slovic et al., 1981). 1If task conditions require the risk appraisers to
increase further their reliance on visual perception, or otherwise increase
their reliance on task conditions that induce intuitive cognition, then
we will have returned to the first situation described above; judgments
will be almost wholly a function of an intuitive organizing principle,

the weighted average procedure. Thus, the differential locus of vicarious

e Y . s i
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functioning marks a major difference betweun cogr.it.on rthat produces
judgments, and cognition that produces answers. (77 coursé, Lie current
use of the term "risk perception" to cover all of these task conditions
is inappropriate; it obscures the distinction between intuition ana
analysis.)

Summary

The concepts of vicarious functioning and vicarious mediation were
introduced and described and their importance for tneories of cogrniticn
indicated. The shifting locus of vicarious functioning from the proximai/
peripheral region of the organism to the central recion as task properties
induce cognition to move from intuition to analysis (and vice versa) was
also described. An illustration of the applic~...n of this aspect of the
Cognitive Continuum Theory to a real world prcblem was also providec.

The hypothesis regarding the shifting locus of vicarious functioning
from cues to organizing principles as cognition moves from intuition to
analysis (and vice versa) deserves both theoretical and empirical explora-
tion in its own right, but in this report we explore its potential for
unifying what are now disparate, noninteracting approaches to cognitive
psychology, primarily the work in problem solving and the work in judgment
and decision making. (See Pitz & Warren, 1980, for an integration of
information processing and decision theoretical approaches in relation to
vocational choice; see also Einhorn et al., 1979, for a detailed linkage
between judgment and process analysis; see Estes, 1980, for a discussion

of judgment and decision behavior in the field of cognition generally;

see also Wallsten, 1980.)

‘x'
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The Imolications of 3hifting Vicaricus unctioning

for a Unifying Theor -

It is a curious but undisputable fact tih.t there .s virtually no
serious interchange between theory and reseacch in problem solving and
theory arnd research in judgment and decision making. The author index to
Simon's (1979) collected papers contains the names of only two of the
names contained in the author index of a review of the six major appronaches
to judgment and decision research by Hammond et al. (1980). And the
reverse is alsc true; the author index of the latier contains almost
none of the names of the authors in Simon's book.

There are, no doubt, several reasons for the disparate paths taken

by students of judgment and aecision making and students of problem solving.

But at least one reason for the divergence was made clear by Simon in 1957
in an introduction to a reprinting of a number of his papers (Simon, 1957).
There he takes pains to distinguish his view of human cognitive activity
from that of contemporary prominent judgment and decision theorists (e.qg.,
Savage). After acknowledging their many positive contributions, he states:
Having said this, I must record my judgment, which is at

the present time very nearly the judgment of a minority of two,

that the approach taken in the theory of games and in statistical

decision theory to the problem of rational choice is fundamen-

tally wrongheaded. It is wrong in precisely the same way that

classical economic theory is wrong -- in assuming that rational

choice is choice among objectively given alternatives with

objectively given consequences that reflect accurately all the
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complexities. of the real world. It 1 wrG.a:, in Snore,

ignoring the principles of bounded ratio: ..., .r -l 7 oto
erect a theory of human choice on the unrcal st .c essur; cilone

of virtual omniscience and unlimited computaticral power. ‘5. 102;

This explicit distinction led to, or at lecst Iiés Leen asserlited wit ',
disparate apprcaches to cognitive psychology irom then unti. now, dns.ite
the fact that considerable overlap existed betweor 5iumon's concept of
"bounded rationality" and Brunswik's concept of "quasi-rationality”
(Brunswik, 1952, 1956 ; see Hammond, 1980, pp. /-4, for a discuscion or
the relation between them, which Simon never seems to have noticed,
although their work on this topic appeared at about the same time; there
are no references to thils concept in any of his books or papers.) But the
"minority of two" has increased to what is now a majority that inciudes
even a majority of judgment and decision researchers, particularly since
the introduction of the work on heuristics by Tversky and Kahneman (1974;
Kahneman & Tversky, 1979). "Bounded rationality" (or the concept preferred
here, "quasi-rationality"”) is the theme that is serving to identify common
peints of view among workers in the fields of problem solving and judgment
and decision theory.

Simon's general description of bounded rationality indicates that

it meets our criterion of functional effectiveness. For example, he

indicates (p. 3) that "Satisficing provides an exzcape from the difficulty
that, in a complex world, the alternatives of actioi are not given but
must be sought out. Since the search generally takes place in a space

that is essentially infinite, some stop rule must be infused to ter-minate

O
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problem solving activity. The satisficing critericn provides that stop
rule: Search ends when a good enough alternst:ve is IZcund." Zut Simon
offers no specification of the boundary for the functional effectiveness
of bounded rationality, yet such a boundary certainly must exist. Clearly,
satisficing 1s functionally effective only in those task circumstances
when "good enough" is acceptable; but perfectly determined, wholly
analytical, error-free tasks will not accept approximate answers.

Bounded rationality also appears to meet the criterion of functiocnal

compatibility (compatibility of the organizing principle with properties

of tasks)that share some characteristics with those employed by judgment
and decision theorists, thus: "Satisficing also provides a solution to
another problem of complexity . . . . When the ....erion of problem
solution or action has more than one dimension there is the matter of
calculating the relative merits of several alternatives, one of which

may te preferred along one dimension, another along another. The economist,
unconcerned with the boundedness of rationality (concerned only with the

analytical pole of cognition: KRH) solves the problem with the help of

marginalism . . . . The satisficing rule, which requires no such calcula-
tion . . . stipulates that search stop when a solution has been found
that is good enough along all dimensions (italics in original)" (p. 3).

This description brings Simon closer to the judgment and decision
researchers, but, curiously, further from problem solving research. For
many of these tasks employed by Simon and his colleagues in their studies
of problem solving will not accept answers that are merely "good enough."

For example, because the Tower of Haroi problem and the missionary-cannibal
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problem are wholly determined, error-free tasks, -.ey will not accept
answers that are less than perfect, that is, enswers that [©° 100 S01lv:
the problem. "Good enough" may apply t« the methods (the heuristics) by
which the answer is achieved 1n these tasks, kut not to the answer, In
other task situations (e.g., those with the task properties indicated in
Table 1, Appendix A) that induce quasi-rational! cognition "gocd enouah"
may, and it is argued here, does, apply to both method (or processg) and
answer.

In addition to what appears to be a lack of spccitication regarding
task conditions to which the concept of bounded rationality applies, it

also fails to achieve a high degree of conceptual compatibility; that is,

its relationships with other psychological pr.. :.:.e3, its nomological
network, is not clear as it might be. The difficulty is that its rela-
tionship to the gsychological processes that are used to describe the
cognitive activity in specific problems or task situations is not
indicated. The term "bounded rationality" or "satisficing" does not
appear as an explanatory principie in connection with experimental work

in problem solving; it is not referenced in the 1979 collection of 5imon's
papers, save for its appearance in the original 1955 and 1956 papers.

{See Hammond, 1980, for further examples.)

In short, despite the wide use of this concept, it remains detacheqd
from experimental work. Therefore, it is not surprising to find criticism
of the gap between theory and practice. For example:

The primary problem with bounded rationality and heuristic

theories has been stated succinctly both by Pitz and by Slovic,

i et i
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Fischhoff and Lichtenstein:

". . . as yet the assault on normewive apu.aches ‘.
decision theory led by the concepts of bournced rdtionality
and heuristic theory, has not been deveioned tou tie point
where a systematic model will lead to test uble predicticns.
The experimental support for these alterrative:s consistsz
mostly of demonstrations that, under appropriate conditions,
subjects will behave in an irrational manrer' (Pi1tz, L4477,

p. 420).

". . . the evidence . . . suggests that the heuristic
selected, the way it 1s employed, and the accuracy of the
judgment it produces are all highly rrob..i.-:p cific; they
may even vary with different representations of the same
problem. Indeed heuristics may be faulted as a general
theory of judgment because of the difficuity of knowing
which will be applied in any particular instance'" (Slovic,
Fischhoff & Lichtenstein, 1977, pp. 5-6).

The problems with these theories as they are now formulatcd
in no way detracts from the important experiments they have
inspired. The experiments have demonstrated convincingly that
judgment 1s influenced by the task, that different features
of the task are attended to and processed under different
circumstances, and that simple algebraic or normative models
will not describe judgment in any satisfying and complete

fashion. Thus, "bounded rationality" and "heuristic" theories
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should not be abandcned. Rather, tiey Hhooae ax fOormildood
in such a manrer that thev apply over & v iiue ¢ situl: «. .8

but can be tested rigcrously 1n any parclc.lav situation.

{(Wallsten, 198C, . 220) (Nuce: cf. Brunswik 195, 556; Hamroun.. . J¢6.°

One way to close this gap is by observing tnc shifting locus o)
vicarious functicning in relation to intuative and analvtical raarn:zinsg
principles. We begin by showing the counvergence of the concept of
vicarious functioning and "shifting strategiszs.”

Vicarious Functioning of Organizing Principieg and "shifving Strategies”

Simon's emphasis on "shifting strategies” (Simon & keed, 1976;
Simon, 1375} in preblem soiving is clearly compatible witn the proposition
regarding tne vicarious functioning of analyt. .. >srganizing principies.
("Shifting strategies" 1nclude, for example, such specific strategies
as "balance" and “means-end" strategies in the missionary-cannibal
puzzle.) The explicitly ¢general strategies {such as "means-end") are
called "heuristics"™ in much the same sense as Polya (1954) used the tern,
and much as 1t is used by Tversky and Kahneman (1974), who, unfortunately,
alsv on occasion refer to certain heuristics as "cues" (see Hammond et
al., 1980, for comment). These strategies are organizing principles, or
heuristics, that are "good enough." Such organizing principles are to
be sharply distinguished from fully analytical algoritims (sce Polya,
1954).

The con.lusion that organizing pranciples chandge ("shift") during
the course of problem solving is consistent with the nypothesis offered

here with regard to the locus of vicarious functioning in analysis-inducing
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tasks (such as Tower of Hanoi and the river-crcess.ins tasks such as
"missionary-cannibal"). We explore this simi.arity .2 view .rtrer

below, but first we explore furtner simijaritics oetween judgment and

decision research and probiem 50.ving rescarch witn regard to Jdescriptions

of task environments in terms of their formal and substantive character.

o

Formal and Substantive Descriptions of Task Env:rsonments

Simon and Hayes (1976} apjproacn this distincoion in this way:
The problems used in this study were thirteen variants
of a single problem, all formally isomorphs of “he Tower of
Hanoi puzzle. That is to say, Successive situations in these
task environments could be mapped in cne-to-one fashion, on
arrangements of disks on pegs in the Tow.. : Hanoi puzzle;
and legal moves for each of the problems could pe mapped i1nto 1
legal moves of the Tower of Hanoi. 1In fact, any of the f %
problems could have been solved by mapping it into the

corresponding Tower of Hanoi problem and then solving the

latter. No subject did this, and only two Or three even

thought of trying, or noticed the analogy. The problems,

then, were identical in formal structure, but differed in

their "cover stories." (see p. 478, Simon, 1979)

Thus, 3imon and his colleagues describe the difference between the
formal structure of the task and its various substantive "cover stories.
A similar distinction has been made for some time in judament and
decision research (see, for example, Hammond, 1966, pp. 68-75; see also

Hammond ot al., 1975; Hammond et al., 1980). The distinction 1s also
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explicit throughout Brunswik's (195€) descript.c: o f the need for tne
representative design of experiments. He proc.sis i.0:1L51 e gratuitous

generalization of results obtained frcm experiments (or "task environ-
ments”) that are formally identicul to those task environments which
are formally different, ard insists {(correctly) that such overgenerc.iza-
tion 15 a common, pervasive error in psychological research. (ind so it
remains; see Hammond & Wescoe, 198C, for descraptions ¢f current exampler
of work that results 1n extravagent overgeneralization in social
psychology. )

There 1s a parallel in judgment and decisicii research to the work
Simon and his colleagues heve done with regaxd to the varietv organizing
principles developed by their subjects in tas- ....vironments that have a

singular formal structure, but present different "cover stories" to the
subjects. For example, Anderson (1974) anrnd his colleagues use judgment
tasks that are formally identical, but which offer different substance
(or content), and their subjects' behavior is also examined with regard
to the different organizing principles (e.g., adding rule, averaging
ruie, etc.) such "cover stories" induce in the subject.

There is a clear difference, however, between the organizina
principles evoked by the Tocwer of Hanoi and its probklem isomorphs ara
tnose evoked by judgment tasks and their formal i1somorphs such as those

used by Anderson and other judgment and decision researchers. OCne such

difference is that the organizing principles evoked by the former are

reportable strategies; that 1s, the subjects report their strategies to
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the experimenter (wic then attempts to model them). In the latter case,

organizing principles are (almost) never remor-ca. Tnis brinc.

us To

the theoretical basis of "reportable" and "noncepcrtable" organizing

principles.

Verbal Reports

Acknowledgement of the shifting locus of vicarious functioning

renders spurious the debate between those who argue that verbal reports

concerning cognitive activity are useful because they are accurate and

complete (e.g., Ericsson & Simon, 1980) and those who arque that such

reports are neither, and therefore useless (see, ¢.g., the work by

judgment and decision researchers generally; see also Nisbett & Wilson,

1977, for a review).

The debate can readily be resolved by observing that in general those

who have argued for the utility of verbal descriptions of cognitive

activity have concerned themselves with behavior in problem solving tasks:
that is, with the behavior of persons consciously attempting to employ a

variety of analytical organizing principles that will produce a perfectly

correct answer in a task situation that will accept nothing less. 1In

these task situations, where vicarious functioning occurs in relation to

.

organizing principles (or heuristics) that will be consciously manipulated
or changed by the problem solver, it should not be surprising that verbal
reporting would be found to be accurate and useful. Ana, of course,
manipulabilitiy of task materials makes verbal reporting of cognitive

activity easy for the subject; such motor activity provides visible,

the
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structural support for recall and reportakbiiity. o the otrer nan’®, thown

researchers who study human judgment in task <:iuacinrs that . .3ac" ZUa-i-

rationality, rather than analysis, are sindyirg benavior in sizuatiuns 1n ]

which vicarious functioring ocours at poth the proximal region ura av tne

central region. As a result, they find verbal reporting of cojnitive

activity to be less accurate, as they should; vicarious functioaing at the 3

; ' |

proximal region is not under conscious control. Ana, of course, task

materials are not manipulated in judgmernt and decision research, and this

structural support for recall 1s not available, ~s :ask propertie: inducc

the subject to become more intuitive and less analytical, and chusz to

employ the weighted average procedure in the process of organizing infor-

mation into a judgment, verbzal reports become ..+ a2ccurate; more tc the

point, verbal reports begin to serve a different purpcse for the experi-

menter. They indicate artifactual constructions that mislead during the

process of social interaction, thus impeding interpersonal learning and

increasing interpersonal conflict {as judgment and decision researchers

have found in their research; see, for example, the work by Brehmer and

his colleagues; e.g., Brehmer & Hammond, 1977). 3
To be specific, subjects should not report with competence regarding

the principles they employ to organize information in intuition-inducing

tasks, for (as indicated above) if the subject is ccnfronted with a large »)

number of contemporaneously displayed cues that reguire subjective

measurement, the subject will be unable to specify with exact accuracy

which cues were utilized, or to report accurately on the relative weights
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assigned to the cues that were utilized, much less tn. Inuicale whct.e:
the weighted cue values were added, and even =._.h lews wheui. : 1107 werc
divided by the products of the weights for eacl. cue (see tabics .n tne
Appendix). Nor should subjects report completely ana accurately on
their cognitive activity in those task situations that induce guasi-
rational cognitive activity, where they employ poth types of organizing
principles; for in such task situations they are aware of only part of
their cognitive efforts.

The matter of the utility of verbal reports is embedded in another
issue as well, however, and that concerns the paramorphic (Hoffman, 1960)

status of an organizing principle, a topic that, in spite of its siagni-

ficance, has been neglected in relation to tr . <incussion of the accuracy

of verbal reports.

The value and necessity of paramorphic descriptions of principles of

organization. Two types of objections have been raised against the utility

of using descriptions of principles of organization that are statistical

models (e.g., weighted average). One is that no subject has ever reported

engaging in such cognitive activity; another is that subjects could not
possibly engage in it. Failing to accept the paramorphic nature of such
models (see Wallsten, 1980, pp. 216-217) in favor of molecular "list
structures”" of a sequence of cognitive operations creates a clear and
definite gap between problem solving research and judgment and decision
research. For the vast majority of judgment ond decision researchers do

accept the value and necessity of the concept of a paramorphic model

e e A

s . =
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(introduced with skill and cogency by Paul Herimea n 1940; Huriman, 1960).
And as we shall see immediately below, the concept 57 a pardre.:phic
description of cognitive activity not only can, 2ui 15, used Iin a vaiusole
and necessary way 1n problem solving research; ic describes row strategies
"shift," that is, how one problem solving heuristic is given up for
another.

It may well turn out that the well-known predictive utility of tne
weighted avecrage procedure is scmehow false and miclcadinn. But the rfact
that subjects do not report such cognitive activity should not weigh
against the plausibility of its explanatory value, nor should the argument
that subjects can not report such activity weigh against the plausibility
of its explanatory value. Subjects do nct re:zc.: che fact that the gas
laws describe their respiratory activity, or the fact that other physical
and chemical laws control other physiological functions, nor cculd naive
subjects ever be expected tc do so. In short, the value of paramorpnic
models of intuitive and quasi-rational organizing principles need not be
questioned on these grounds. The plausibility of the explanatary value
of the weighted average procedure must rest on (a) its empirica.r prodictive
validity and (b) its coordination with the other concepts in the conceptual
framework that accounts for all cognitive activity. Feportability is
irrelevant to juestions of valid representation. I r.ow turn to ~ specitic

experiment which will provide an empirical example of util.tv of a unified

approach.
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The Function of A Paramorphic Judgment Model in 2soblem Solving Researcr.

In the context of constructing a model ¢! the coguitive Droccsies

employed in the missionary-cannibal river-crossing problem, Jeffries and

her colleagues (Jeffries, Polson, Razran & Atwood, 1977) indicate that

a major component of their model is an "evaluation process" (p. 41¢;.
(That evaluation process is what any judgment researcher would recognize,
and describe, as a judgment process.} The evaluatioa, or judgment, occurs

at the stage of problem solving when the subject makes ". . . [an] assessment

of how close each problem state is to the goal . . . We assume that this 4
function will be a weighted sum {(note the close approximation to weighted

average: KRH) of components which reflect possible solution strategies

. . . of the form e, = aMi + bCi + CPi' where¢: ~; -8 the value of the

evaluation function for state i, in which there are Mi missionaries, Ci

cannibals, and Pi missionary-cannibal pairs on the right bank" (p. 416).

It is particularly important to note that this is a paramorphic represen-

tation of the organizing principle that occurs in-between moves taken to

solve the problem, and that it produces an evaluative judgment, one that

evaluates the distance between the results of a move and where one wants

to be. Note also that it is an evaluative judgment that has many (but not

all) of the characteristics of intuitive cognition listed in Table 1 of 1

the Appendix.

The paramorphic nature of this organizing principle is recognized

by the authors, although they do not label it as such; thus: "We do not

assert that the problem solver actually performs the operations defined
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| by [the weighted sum procedure] to generate his estimate of the aesirability
of various states. We only claim that [the weighted sum vroodure| and

! the strategies that the problem solver actually utilizes will nroduce )

equivalent rank orderings of the states of the problem" (p. 417); c*.

s

Hoffman (1960). This mode of cognition is, therefore, quasi-rationa:l,

not wholly intuitive, because the wvalues of the few (3) cues are not s
subjectively measured by the subjects. That aspect of the organizing
principle is, therefore, reportable by the subject, but the (paramorphic)
weighted sum organizing principle is not. Thus, the "evaluation
function" (the weighted sum) is the quasi-rational ("bounded rational")
organizing principle that is "good enough" for providing a choice of the
next move. Here, then, is the explicit repre..:...tion of guasi-rational
cognition (bounded rationality) a representation not previously foung in
the computer models of thought developed by Simon and his colleaques
subsequent to his introduction of that concept in 1955. There are many
indications in Simon's previous work, however, of the recognition of this
form of quasi-~-rationality and even its relation to judgment.
In 1962 Newell, Shaw and Simon (see Simon, 1979, p. 149) mentioned
{(under the heading "Preliminary View of Prcblem Solving Processes") that
[ One useful distinction differentiates processes for finding
possible solutions . . . from processes determining whether a

solution proposal is in fact a solution . . . This is a dis-

tinction that is often made in the literature in one set of

| terms or another (recall that these authors are writing in
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1961: KRH). Johnson (1955), for example, d.s:inguishes

"production" processes from "judgment" processes in a ve

that corresponds closely to the distinction we have just

made. We prefer to call the first class cf processes soluation

gererating processes, and the second class verifying

processes" (italics in original as indicated) (p. 149).
This paragraph is followed by one describing "solution generating processes'
but there is no further discussion of the "verification process," that
Johnson called a judoment process, nor is this term indexed. And it is
not easy to find "verification processes" explicated, represented or
described in the computer models of thinking that are presented by Simon
and his colleagues. "Judgment" (perhaps beca:.: ¢f its association with
the approach taken by those "wrongheaded" judgment and decision theorists?)
seems to have no readily identifiable place in Simon's cognitive theory.
But it should have, and its recognition will help to clarify the distinc-
tion between "generation" and "verification;" both need explication, even
though only the former seems to have received it.

The introduction to the "evaluation function' by Jeffries et al.
(1977) provides the needed distinction between the process that (a)
generates heuristics ("balancing" or "means-end" strategies in the

missionary-cannibal puzzle) and (b) the process of choosing between these

heuristics that assigns different weights (a concept never employed by

Simon but invariably employed by judgment and decision researchers) to

cues. The study also illustrates the role of quasi-rationality (bounded
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i rationality) in providing feedback for the proslem volver recarding th»
utility of the choice of moves in tasks which .. not [revide :-medicte
outcome feedback. '
3 For example, the “evaluation function® in Jeffries et al. (19773

- clearly refers to the process of evaluating the utility of the rext move,
. i.e., planning. Newell et al. {1962}, on the other hand, refer to
"verification, " that is, the evaluation of the utility of a past move;

an evaluation or judgment that offers the subject feedpack in terms of

subjective appraisal of a past move. The evalaaticn of a past move by

the subject is a judgment of critical importance bececuse there i3 no

ostensible feedback information provided by the task itself (e.g., a light

does not flash on or off) with regard to the wi.ii.y of any move.

Therefore, the subject who engages in that evaluation is exercising hais/

her judgment regarding whether the move was a valuable one, i.e., one that

moved him/her closer to the goal. (See, specifically, Figure 3 in Jeffries
i et al., 1977.) &As a result, Jeffries et al. (1977) bring into functioral

contact (a) the (paramorphic) organizing principle sc frequently alluded

to in judgment and decision research with (b) the (reportable) information
processing model so frequently employed in problem solving research. 1In

50 doing, they provide a ster toward the uaification of cognitive theory.

Nor am I alone in believing that Je“fries et al. (1977) provide an ;
integrating link between these fields. Einhorn et al. {(1979) also note
(p. 480-481) the relation and provide this comment:

The [study] by Jeffries et al. (1977) concerns solving

river-crossing problems (missionaries-cannibals, hobbits-ocrs, E
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etc.). They propose a weighted linear model and cutoff criterion
for evaluating the sequential moves in such prohl=2ms. i: parti-
cular, the three cues that are used are the number of missionaries,
cannibals, and missionary-cannibal pairs on the right bank of the
river. Furthermore, the weights given to these cues reflect
differences in strategy (means-end vs. balance, etc.). Although
this formulation is part of a more complex model that they develop,
its similarity to our position is striking. (p. 480-481)
The "more complex model” to which Einhorn et al. (1977) refer is the
simulation of the molecular structure of each of the strategies (heuristics)
that are employed in this problem. (See Figures 1 & 2 of Jeffries et al.,
1977.) Thus, we are brought to the guestion o: the relation between (a)
the execution, of an organizing principle (a heuristic) and (b) the
evaluation process just described (that of planning a new move and/or
evaluating the effectiveness of a past move).

Heuristics and Their Prior and Past Evaluations

The missionary-cannibal task is highly analysis-inducing; by the
criteria of the tables in the Appendix it does not lie at the polar
extreme of the cognitive continuum, but it is nearby. For although the
task demands analysis, and can be solved by an analytical procedure, it
is one for which the subject has no prior training and therefore has no
algorithm clearly available for solving it. 1In this regard it resembles
the tasks often employed by judgment and decision researchers who require

subjects to "solve" the problem of choosing between gambles or solve

TR
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statistical problems without the aid of the knowledge of the calicurice

of probability. The task is thus one step or cae position te the iefr

of the analytical pole in the direction <f the intuitive pole of the
cognitive continuum. In this task the balance strategy 1s apparently
employed first, then the evaluation judgment is applied; this sequence

is repeated until the failure of the balance strategy is apparent and

then the means-end strategy is employed. This changing set of operations
leads to two different hypotheses about the manrer in which quasi-rational
cognition functions: (a) as a compromise between intuition and anaivsis
or (b) as an alternation between them.

Alternation or Compromise

Hypothesis I: Quasi-rational cognition i- tia2 result of compromise.

This is the position taken by Brunswik (see Hammond, 1980, for an
explanation) and the position implied in the use of a weighted average

as part of a quasi-rational organizing principle. The judgment is pulled
in one direction by analysis and in another by intuition; if cquasi-
rationality prevails, the result lies somewhere between.

Hypothesis II: Quasi-rationality is the result of an alternation

between intuition and analysis in which the work done by one modifies the

work done by the other; only one process is fully active at any given
moment, however.
The present theory argues that the properties of the task will

determine which type of quasi-rationality will occur. If the task will

accept judgments that are "goou enough," then compromise will occur. If

L
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the task properties are such that it lies near the analytical pole of
the continuum (see tables in Appendix A) then the tazk will z .cept only
those answers that purport to be correct.

Statistical methods of analysis and decsription are closely associated
with the former tasks because these methods are designed to cope with
tasks that will accept approximate answers; the properties of these
tasks will not permit anything better. And, of course, we find judgment
and decision researchers using the logic and techniques of the statistical
methcd in order to understand how their subjects produce approximations,
or quasi-rational judgments, that are compromises between intuition and
analysis.

Tasks that are analytical in character will induce alternations
between intuition and analysis because they will not accept approximate
solutions that fesult from compromise. Arithmetic, algebra, geometry,
Newtonian mechanics, the Tower of Hanoi and its isomorphs, for example,
do not accept solutions that are "good enough" compromises between
intuition and analysis. (See the full text of Polanyi's remarks on "The
alternation between the intuitive and the formal . . . at the beginning
and end of each chain of formal reasoning," quoted in Hammond, 1980,
pp. 75-77.)

In a previous report (Hammond, 1980) quasi-rationality in the form
of compromise was described in detail. Here we turn to an illustration
of quasi-rationality in the form of alternation. [Note: I am indebted

to Robert Quinn for his many suggestions in relation to alternation.]

Brvoy




Principles of Organization

4¢

Alternation, shifts in vicarious functioning, and creativity. The
in 9 Y

Cognitive Continuum Theory asserts that when task ccnditions “aduce
guasi~rational cognition, vicarious functioning occurs in connection

with cues ggg_organizing principles. This assertion carries impliications
for problem solving that requires new solutions as well as for problem
solving that reguires the application of already known organizing
principles to new problems. That is, creativity requires the ability tc
find new ecological relationships among cues as well as new organizational
principles. Vicarious functioning in these circumstances thus incorporates
the notion of "functional substitutability" as against "functional
fixedness" of cues (emphasized by the Gestalt psychologists; see, for
example, Duncker, 1945). Failure to achieve I.:_*itutability of the
ecological relationships among cues is just as much an obstacle to

problem solving as failure to achieve substitutability among organizing
principles.

Consider, for example, the classical problem solving experiment by
Maier (1931), in which the solution of the problem depends on the subjects’
ability to change the ecological implication of an object from a "tool"
to a "bob" of a pendulum. In this problem, the subject is "shifting
strategies,” that is, testing one organizing principle (heuristic) after
another, and also changing the potential relationships of the various
artifacts (that constitute cues) to a solution. Thus, for example, the
meaning of the pliers that Maier supplies for his subjects, is, in most
environments, that of a tool; but that meaning is useless (carries zero

ecological validity) in this task environment; on the other hand, if its




Principles of Organization

47 |

ecological function is changed to a pendulum bob, it becomes possible to

execute the organizing principle that demands that some object serve as
a pendulum bob.
Fortunately, Maier carried out the experiment in such a fashion that

the results carry relevance for other concepts in the nomological network

of the tables in Appendix A. I use the description of behavior of the
subjects in this study provided by Lindsay and Norman because it yields
an independent verification of the relation between (a) awareness of the
"in-between" cognitive activity, (b) time taken to reach a correct
solution, and (c) sequential operations to the (d) predictions in the
tables in the Appendix.

In this experiment two cords hunc from tie ceiling of a
room. The subject's task was to tie the strings together, but
it was impossible to reach both at the same time. A number of
solutions were possible by clever use of the various objects
scattered deliberately but inconspicuously throughout the
room. Only one solution was of interest to Maier, however,
and he explored the hints needed to get his subjects to come
up with it. . . . The experimenter (who was in the room with

the subject) used two different hints.
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Hint 1. The experimenter walked about the room, and,
in passing the cord which hung from the center of the
room, he put it in slight motion a few times. This was
done without the subject knowing that a suggestion was
being given. The experimenter merely walked to the
window and had to pass the cord.

Hint 2. 1In case hint 1 failed to bring about the
solution within a few minutes, the subject was handed

a pair of pliers and told, "With the aid of this and

no other object, there is another way of solving the

FIGURE 14-8
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problem." [The description of the hints is Maier's,

as outlined in the original article (1931).)

[Awareness in relation to contemporaneous displays vs.
sequential presentations: KRH]

Maier divided the subjects who successfully solved the problem
after receiving the hints into two groups -- those who appeared
to solve the problem as a whole ("The solution just came to
me; I don't know how"), and those who seemed to go through
a series of steps to the solution ("let's see, if I could
move the cord, . . . throw things at it, . . . blow at it,

- - - swing it like a pendulum . . . aha!"). The interesting
difference between these two groups, fror our point of view,
is the difference between the subjects' reported use of the
hint. Those who solved the problem as a whole failed to
report that the hint was of any use to them, while the group
that progressed through stages reported (with but one excep-
tion) that the hint was an aid. oOur question is whether the
"whole" subjects actually used the hint without being aware
of it. 1If this is so, then we would expect that protocols
taken during problem solving might miss many of the steps
involved in arriving at a solution.

(Awareness and time to solution: KRH]

First, it is clear that the subjects who failed to report

the use of the hint in fact solved the problem much quicker
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than the group for which no hints were given. On the average,
the majority of subjects found the sclution within less zhan
a minute after the hint was given. When no nints were given,
only 20% of the subjects fcund the solutiorn, even though they

were allowed to work on the problem for hal? an hour.

[Awareness and reportability: KRH]
Did the: "whole" subjects notice the nint but were perhaps
simply unwilling to admit that they used it? TiLis seems
unlikely. Subjects who solved the problem in steps seemed to
have no hesitancy in referring to the hint as they described
their solution. Why should the "whole" subjects hold back?
The conclusion seems to be that the hini ..iayed an important
part in bringing about the solution, even though the subjects
were not consciously aware of its role. If the subject does
not realize such an obvious step in his or her protocol
behavior, then our protocol records are going to be incomplete.

We must assume, then, that as people work on a problem,

they proceed through a series of strategies and operations,
which are reflected in their verbal description of their own
mental operatiors. The steps going on internally, however,

are not all faithfully represented in the verbal output. What

A o I A RS PAP L TR

we can observe will only be a partial description of the
actual internal processes.
The conclusion, then, is that onlya portion c¢f a person's

cognitive activities is going to be available for external
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examination. The record will be most complete if people are
| encouraged to verbalize their detailed tiought processes, and
if protocols are taken during the actual performance of the
activity. Even Maier's "whole" subjects might nave been aware
; of their use of the hint if they had been told beforehand to
monitor their thought processes and to talk aloud as thney
groped for a solution. Despite its shortcomings, the protocol
analysis is a powerful tool in attempting to reconstruct the
events that go on during problem solving and to explore the
kinds of cognitive strategies that operate in these complex
tasks. (pp. 557-559)
Lindsay and Norman's (1977) account of Ma.:r's classic experiment
is useful not only because of what it does provide but because of what is
missing: What sort of cognitive activity is taking place during those
"steps going on internally [that] are not represented in the verbal J
: output"? (p. 559) Lindsay and Norman assume that if "people are

encouraged to verbalize their detailed thought processes" (p. 559) we

may find out. Perhaps. But if cognitive activity in analytical tasks

that will not acc pt approximate solutions (such as Maier's) consists

of an alternation between intuitive processes that involve the vicarious

functioning of cues as well as organizing principles, and/or in which
shifts in weights mean a shift in strategy (as indicated in Jeffries
<+ al., 1977) then such verbalized reports may be wholly misleading;
worse still, they may be constructed simply to satisfy the researchers’

demands for them.
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In short, in analytical tasks where approxirdi~ answers are not

o

good enough, cognit.ve activity alternates betw:cun ) the unronscious

production of organizing principles (strateuiss:, ané (b) che conscicus

R - e

explication and execution of these strategies, foliowed by (c¢) the
evaluation of the util:ty of their execution. The production wrocess

is largely intuitive; that is, it is (a) responsive to many cues

O I, g - ST A

contemporaneousiy displayed (see Lindsay and Norman's (.977) abcve use

of "whole”) (b) rapid, and unconscious ("the subjects who failed to

report the use of the hint in fact solved the problem much quicker"
[p. 588]) and rroduces solutions based on new ecclogical relationships
and new organizing principles, thus invelving vicarious functioning of
cues as well as organizing principles.

wnen cognitive activity shifts from production to the explication
and execution of the intuitively {(as described above; see also tables
in the Appendix) produced strategy, the result will be a series of

sequential operations carried cut with a high degree of awareness and

thus subject to accurate and meaningful report. Should the strategy
fail, and should no new principle of organization be readily available,
cognitive activity will return again to the unconscious production of

a new strategy.

The evaluation function, or judgment process, that occurs after the

execution of a move, (or a part of the strateqy) occurs when the con- h
sequences of a move are not apparent. That is, outcome feedback is l

not immediate and obvious but must be produced by the subject. Jeffries

3
i
3

8

et al. (1977) indicate that such evaluation (judgment) functions may be
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represented by paramorphic equations of the type (linear model) predicted
in the tables in the Appendix. Such judgment: mav be the rciuit of a
compromise between strategies, depending on the level of awareness of
the subjects choice of a given strategy. Compromise will be aksent 1f
a subject reports the conscious choice of a means-end strateqgy; moveover,
s/he will be able to make a conscious evaluation of a recent move ("that
was a mistake”) thus providing clear outcome feedback. But if the subject
has a low awareness of strategy choice, compromise will be present, and
the ensuing judgment will thus provide ambiguous outcome feedback, and
slow progress toward solution.

If the above interpretations carry plausibility, then researchers
in the field of problem solving should examine taz judgment and decision
making literature with the aim of discovering what has been learned
about judgment processes, so that the largely unconscious process of
selecting and evaluating moves can be better described and understood.
For example, although it appears to us that steps taken by Jeffries et al.
(1977) are most promising, they have not noted the similarity between
their remarks about the robust nature of their linear model ("arbitrary
changes in the weights . . . make almost no difference in this pattern
[of acceptable and nonacceptable moves]"; p. 417) and the well-known work
by Dawes and Corrigan (1974) that explored the implications of this
aspect of linear models (see also Dawes, 1979) nor any of the several

possibilities of enrichment of the description of tnat process. That is

an effort best undertaken in the pursuit of a unified theory.
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The shifting Locus of Vicarious Functioning in iit.rpersonal Confiict

and Interpersonal Learning

The shifting locus of vicarious functicning also has strong
implications for the study of interpersonal conflict and interpzrsonal
learning, and thus expands the area of research in cognition to include
these topics ordinarily thought to be of interest only to social
psychologists. For example, the end result of cognitive activity in
tasks inducing elements of intuition and analysis is a judgment that is
the result of a compromise between the different contributions of each
mode of cognition. (See Brunswik, 1952, 195€¢, for a detailed theory of
perceptual comprcmise; see also Hammond, 1966, for reviews and critiques;
see Hammond & Wascoe, 1980, for a variety of < ...oont applications of the
concepts of vicarious functioning and compromise in studies of inter-
personal conflict and interpersonal learning.) Compromise will, therefore,
occur in relation to whatever part of quasi-rational cognitive activity
that is controlled by a weighted averaging procedure. Such compromise
within one person's organizing principles increases the likelihood of the

occurrence of compromises between persons who employ organizing principles

that are similar in form (i.e., weighted averages) but different in other
respects (i.e., employ different weights or different function forms for
the same cues). Such compromises would be expected to be implicit rather
than explicit, and, indeed, there 1is considerable evidence for research
in interpersonal conflict to support that view (see, for example, the

numerous studies by Brehmer and his colleaques; see Hammond & Wascoe,
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1980; Brehmer & Hammond, 1977; Hammond et al., 1975, for reviews; see

also the work of Gillis, 1980; Gillis & Moss, 1978; Gillis & Zavis, 1977,
regarding the effects of psychoactive drugs on conflict and compromise,
also in Hammond & Joyce, 1975). Should task conditions induce the

demand for analysis, however, differential weights may be made explicit
(although these may well differ from implicit weights). If weights do
become explicit, then trade-offs can be made explicit, and thus explicit
bargaining can occur. If conditions provide incentives for compromise,
then the intuitive component of a gquasi-rational organizing principle (the
weighted average procedure) can become the basis for the development of

an analytical principle in which quantitative analysis, bargaining and
trade-offs occur in a highly conscious, highl, «.p.icit way, for example,
"I'1ll reduce my emphasis (weight) on this if you will reduce your emphasis
(weight) on that."”

Dispute that begins with differences between highly explicit,
analytically-pbased first principles, rather than the implicit looseness
and low degrees of awareness of quasi-rational cognition, is however,
far less amenable to compromise. For the end-result of analysis is a
wholly-retraceable and thus logically defensible, answer, not a partially
retraceable "good enough” judgment. Analytically-derived answers are
neither the result of a compromise between vicarious functioning cues,
nor a compromise between competing organizing principles; answers are
produced by one principle which dominates all others. Compromise is not

merely resisted by analytical cognition, it is anathema to it, for

i e T e
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compromise is capitualtion; wompromise renders an wtherwise wholly
consistent organizing principle internally irn:cnsisient. A5 .ad.catcd
above, mutual substitutability at the central reqgion occurs only insofar
as the organizing principles are part of a tautological system,
Ideoclogically-derived analytical organizing principles, howzver, lead

to dispute precisely because they are not mutually subst.tutacie with
other ideoclogically-derived principles; indeed, the dispute is based on
grounds of their incompatibility. Thus, the mathematician's way of
conflict management differs from that of the ideclogue. The former
seeks tautologies, systems of analysis that permit incorporation of,

and thus reconciliation of, competing theories, as well as the explicit
identification of the congruence petween thec..cs. The latter, on the
other hand, seeks capitulation; the dispute is pursued until capitulation

occurs, or until outside forces demand the return of quasi-rationality

(and thus the abondonment of consistency and the acceptance of compromise).

(See Tversky & Kahneman, 1981, p. 458, for a recent suggestion that
internal consistency be abandoned as a criterion of rationality in
favor of "the predictive criterion of rationality.")

Conflict in science. Compromise is not permitted within scientific

work for different reasons; the fact that science is based on the use of
analytical organizing principles means that there is no compromise, for
example, between the wave and particle theory of light; there is a
"complementarity principle,” not a "compromise principle." The fact

that analysis demands capitulation, not compromise, is at the basis of
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the "crucial experiment,"” so admired by analyticai scientists and
philosophers of science, admired because th crucial experinent demunds
a set of conditions that will discriminate with finality between two
competing alternative organizing principles (theories) that will permit
no compromise. And it is the falsification of at least one competing
organizing principle in these specific conditions that marks an increase
in analytical explanatory power and precision in empirical prediction.
Thus, scientific endeavor has the enormous advantage of being able
to resort to controlled, empirical test for the falsification of theories.
Regrettably, political, social and economic theories do not have this
i opportunity. As a result, methods proposed (and available) for resolving
dispute threaten the existence of life on th¢ only planet where it is
apparent. All of the results of research on man's cognitive activity
points to the need for a better way, for the development of cognitive
support systems.

{ Cognitive Support Systems

Throughout the above presentation there runs a theme of reciprocity;
as just indicated, the responsibility provided by analytical cognition is
: i purchased at the increasing risk of the rejection of common sense. No one
‘, expresses this point better than the philosopher Pepper (1948; see also
Hammond, et al., 1980, pp. 3-4):
This tension between common sense and expert knowledge,

between cognitive security without responsibility and cognitive

responsibility without full security, is the interior

.
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! dynamics of the knowledge situatiun. The :nueeliniteness of
s much detail in common sense, its contra.-.ztion:, its lack ri
o established grounds, drive thought to seek definitivenesc,
b consistency, and reasons. f“thought £inds these in the

criticized and refired knowledge of mathematics, science, and

philosophy, only to discover the these tend to thin out into
arbitrary definitions, pointer readings, and tentative
hypotheses. Astovnded at the thinness and hollowness of
these culminating achievements of conscientiously responsible

cognition, thought seeks matter for its definitions, signifi-

cance for its pointer readings, and support for its wobbling
hypotheses. Responsible cognitionrn find; .cself insecure as
a result of the very earnestness of its virtues. But where
shall it turn? It does, in fact, turn back to common sense,
that indefinite and irresponsible source which it so lately
scorned. But it does so, generally, with a bad grace. After
filling its empty definitions and pointer readings and
hypotheses with meanings out of the rich confusion of common
sense, it generally turns its head away, shuts its eyes to
what it has been doing, and affirms dogmatically the self-
evidence and certainty of the common-~sense significance it has -
drawn into its concepts. Then it pretends to be securely

based on self-evident principles or indubitable facts. If

our . . . criticism of dogmatism is correct, however, this




L —

Principi<s of Organization

59

security in self-evidence and indubitability has proved

questionable. And critical knowledge ~..ags cvel a vacuum

unless it acknowledges ojenly the actual, though strange,
source of its significance and security in the uncriticized

material of common sense. Thus the circle 1s completed.

et s el g

Common sense continually demands the responsible criticism

of refined knowledge, and refined knowledge sooner or

later requires the security of common-sense support.

Why cannot the two merge? No doubt, that is the
inherent aim of cognition. (pp. 3-4)
No doubt, then, one of the aims of cognitive support systems should k
be to make it possible for the security of co.mon sense to merge with
the responsibility of analysis in a manner that incorporates the assets

of both, and reduces the liabilities of both.

Placed in the present theoretical context, Pepper's description of the ;
reciprocity between intuition and analysis thus provides a clear directive
for the development of cognitive support systems: Make it possible for
the full capacity of cognition to be brought to bear on the full range

of cognitive tasks. In order for that to be accomplished, a unified

st Skl afein e a Midie e Ses

theory of cognition that incorporates all of our knowledge will be

e

reguired if we are to develop support systems that will enhance our
cognitive abilities, and thus enhance the likelihood of obtaining !
intelligent solutions to those many cognitive problems that currently

seem to baffle us.
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COMPLEXITY OF TASK STRUCTURE

INDUCING INTUITION

TEXTURE OF JUDGMENT SCALE
A. MANY ALTERNATIVES
B. MANY STEPS TO SOLUTION

NUMBER OF CUES PRESENTED

A. Many (O5) cues
CONTEMPORANEOUSLY
DISPLAYED

VICARIOUS MEDIATION

A. INTRA-ECOLOGICAL
CORRELATIONS PRESENT
To LARGE (R = ,
DEGREE (HORIZONTALLY)

CUE DISTRIBUTION
CHARACTERISTICS

A. NORMAL

B. LINEAR FUNCTION FORMS

WEIGHTS
A. EouaL

ORGANIZING PRINCIPLE
A. LINEAR MODEL

1.

INDUCING ANALYSIS

TEXTURE OF JUDGMENT SCALE
A. FEW ALTERNATIVES
B. FEW STEPS

NUMBER OF CUES PRESENTED

A. Few (2-8) cues
SEQUENTIALLY ENCCUNTERED

VICARIOUS MEDIATION

A. INTRA-ECOLOGICAL
CORRELATIONS MINIMAL
(VERTICALLY)

CUE DISTRIBUTION
CHARACTERISTICS

A, PEAKED

B. NONLINEAR, NONMONOTONIC
FUNCTION FORMS

WEIGHTS

A. UNEQuAL

ORGANIZING PRINCIPLE
A. NONLINEAR MODEL

PRS-
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AMBIGUITY OF TASK CONTENT

INDUCING INTUITION

AVAILABILITY OF AN
ORGANIZING PRINCIPLE

A. NOT AVAILABLE

TASK OUTCOME AVAILABLE
A. NOT AVAILABLE

FAMILIARITY WITH CONTENT
A. NoT FAMILIAR

FEEDFORWARD

A. NoO TRAINING, NO
INFORMATION

FEEDBACK

A. MINIMAL

5.

INDUCING ANALYSIS

AvaI_ABILITY OF AN
ORGANIZING PRINCIPLE

A. READILY AVAILABLE

TASK OUTCOME AVAILABLE
A, READILY AVAILABLE

FAMILIARITY WITH CONTENT
A. HIGHLY FAMILIAR

FEEDFORWARD

A, PRIOR SKILL, INFORMATION

FEEDBACK
A. COGNITIVE FEEDBACK

FORM OF TASK PRESENTATION

INDUCING INTUITION

TASK DECOMPOSITION
A. A FOSTERIORI

COGNITIVE DECOMPOSITION
A. A POSTERIORI

TYPE OF CUE DATA
A. CoNTINuoOuS

TYPE OF CUE DEFINITION

A. PICTORIAL

B. SUBJECT MEASURES CUE
LEVELS

RESPONSE TIME PERMITTED OR

IMPLIED

A. BRIEF

INDUCING ANALYSIS

TASK DECOMPOSITION
A. A PRIORI

COGNITIVE DECOMPOSITION
A. A PRIORI

TYPE OF CUE DATA
A, DicHoTOMOUS

TYPE OF CUE DEFINITION
A. QUANTITATIVE
B. OBJUECTIVE MEASURES

RESPONSE TIME PERMITTED OR
IMPLIED

A. Open
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PREDICTIONS OF COGNITIVE PROPERTIES IN SINGLE-SYSTEM CASE

INTUITIVE COGNITION
Low COGNITIVE CONTROL

UNCONSCI0US DATA PROCESSING,
WITH REGARD TO WEIGHTS,
FUNCTION FORMS, ORGANIZING
PRINCIPLES

VICARIOUS FUNCTIONING
(INCLUDES SHIFTING CUE
UTILIZATION)

RAPID DATA PROCESSING

RAW DATA OR EVENTS STORED
IN MEMORY

PICTORIAL METAPHORS
PREDOMINANT; VERBAL,
QUANTITATIVE METAPHORS
ABSENT

RIGHT HEMISPHERIC ACTIVITY
PREDOMINANT
STABLE POLICY MEANS RIGIDITY

ANALYTTCAL CUaNITION
OPPOSITE
OPPOSITE

OpPPOSITE

OPPOSITE

COMPLEX ORGANIZING PRINCIPLES
STORED IN MEMORY

VERBAL, QUANTITATIVE METAPHORS
SERVE AS ORGANIZING PRINCIPLES
AND HYPOTHESES; PICTORIAL
METAPHORS ABSENT (OR APPEAR
ONLY DURING INTUITIVE PHASE

OF PROBLEM SOLVING)

LEFT HEMISPHERIC ACTIVITY
PREDOMINANT

STABLE JUDGMENT SUBJECT TO
CHANGE WITH NEW INFORMATION
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TABLE 2A
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LIST OF PREDICTIONS REGARDING PERFORMANCE IN SINGLE-SYSTEM CASE

INCONSISTENCY 1.

A. LOW PREDICTABILITY OF
JUDGMENTS OVER TIME

B. LOGICAL INCONSISTENCY
(WHERE APPROPRIATE)

C. FAILURE TO CONFORM TO MAT
AX10MS (WHERE APPROPRIATE

LACK OF RETRACEABILITY OR 2,

AWARENESS OF PROCESS

A. DIFFICULTY IN VERBALIZING

B. EXPRESSING QUANTITATIVELY,
COGNITIVE ACTIVITY

BRIEF RESPONSE TIME 3.

A. OTHER INDICATIONS OF
ABSENCE OF ANALYSIS

LOW CONFIDENCE IN JUDGMENTS 4,

CHANGE

A, CHANGE IN COGNITIVE SYSTEM
LIMITED TO CHANGE IN CUE
WEIGHTS AS POLICY FORMED

EquaL WEIGHTING OF CUES OVLR 6.
LONG TERM (I,E., "MATCHING
RATHER THAN "MAXIMIZING” BEHAVIOR)

LINEAR FUNCTION FORMS 7.

WEIGHTED AVERAGING ORGANIZING 8.
PRINCIPLE (COMPROMISE).

NOTE: MATCHING HERE ALSO
EVENT MEMORY g,
RIGHT SIDE BRAIN ACTIVITY 10,

OPPOSITE

HIGH DEGREE OF RETRACEABILITY
WHEN MOVING TOWARD SOLUTION;
WHEN BLOCKED SUBJECT OFTEN
RESORTS TO PICTORIAL REPRESEN~
TATION OF THOUGHT, OR PICTORIAL
ANALOGIES OR METAPHORS, THAT
ARE RECOVERED

OpPPOSITE

0PPOSITE

CHANGE

A. CHANGE IN WEIGHTS,
FUNCTION FORMS AND
ORGANIZING PRINCIPLES UNTIL
STABLE POLICY REACHED

B, RAPID CHANGE OCCURS WITH
NEW INFORMATION

0OPPOSITE; WEIGHT CONCEPT NOT
APPLICABLE

OPPOSITE

ANY ORGANIZING PRINCIPLE
(OTHER THAN WEIGHTED
AVERAGING POSSIBLE

MeEMORY oF PRINCIPLES (INCLUDING
METAPHORS IN CREATIVE PHASES)

OPPOSITE
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TABLE 3
PREDICTIONS OF COGNITIVE PROPERTIES IN DOUBLE-SYSTEM CASE

INTUITIVE COGNITION

Low COGNITIVE CONTROL

UNCONSC10US DATA PROCESSING
WITH REGARD TO WEIGHTS,
FEEDFORWARD, ORGANIZING
PRINCIPLES

VICARIOUS FUNCTIONING
(INCLUDES SHIFTING CUE
UTILIZATION)

RAPID DATA PROCESSING

RAW DATA OR EVENTS STORED
IN MEMORY

PICTORIAL METAPHORS
PREDOMINANT; VERBAL,
QUANTITATIVE METAPHORS
ABSENT

RIGHT HEMISPHERIC ACTIVITY
PREDOMINANT

STABLE POLICY MEANS RIGIDITY

Principles of Organization
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ANALYTICAL COGNITION

OPPOSITE
0PPOSITE

OPPOSITE

OPPOSITE

COMPLEX ORGANIZING PRINCIPLES
STORED IN MEMORY

VERBAL, QUANTITATIVE METAPHORS
SERVE AS ORGANIZING PRINCIPLES
AND HYPOTHESES; PICTORIAL
METAPHORS ABSENT (OR APPEAR
ONLY DURING INTUITIVE PHASE

OF PROBLEM SOLVING)

LEFT HEMISPHERIC ACTIVITY
PREDOMINANT

STABLE JUDGMENT SUBJECT TO
CHANGE WITH NEW INFORMATION
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PREDICT{ONS OF ACHIEVEMENT FOR DOUBLE-SYSTEM CASE

-~
v

(NoTE: PREDICTIONS OF PERFCRMANCE FRCM S'NGLE-SYSTEM CASE

CARRY FORWARD.)

INTUITIVE COGNITION

SLOW, ’'STUPID’ LEARNING FROM
INEXACT (PROBABILISTIC)
OUTCOMES; E.G., LARGE NUMBER
OF TRIALS TO SOLUTION

NORMAL DISTRIBUTION OF TASK
ERRORS
'STEREOTYPED, '
USE OF CUES

PERSISTENT

FREQUENT APPEAL TO EVENT
MEMORY FOR RECALL OF TASK
PROPERTIES AND PERFORMANCE

TRANSFER LOW; TASKS WITH
DIFFERENT CONTENT

UNDERCONFIDENCE (CONTRAST
BETWEEN OBSERVED PERFORMANCE
AND REPORT OF CONFIDENCE)

INCONSISTENCY MATCHES TASK
UNPREDICTABILITY OVER
OCCASIONS

ANAL + ICAL COGNITION

OpPOSITE

NON-NORMAL DISTRIBUTION OF
ERRORS

OPPOSITE

FREQUENT APPEAL TO ORGANIZING
PRINCIPLE FOR RECALL OF TASK
PROPERTIES AND PERFORMANCE

TRANSFER HIGH OVER DIFFERING
COMTENT

OPPOSITE

INCONSISTENCY FROM TRIAL TO

TRIAL; NOT MATCHED TO TASK;

MAXIMIZING STRATEGY IN TASKS
PROVEN TO BE STOCHASTIC
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